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ABSTRACT 
 
 
 
Smallholder household adoption of improved agricultural technologies, including 
fertilizer, irrigation, and improved storage methods, continues to remain relatively low in West 
Africa. As a result, smallholder production of staple crops is low, food security is low, and many 
households continue to produce at the subsistence or semi-subsistence level. This thesis 
identifies factors that influence the household’s decision to adopt a new agricultural technology 
using survey data collected in Ghana, Liberia, and Senegal in 2012. This study uses the probit 
model to estimate the likelihood of household adoption of these improved technologies and 
discusses the differences between the sample results as well as regional results.  
 Overall, results indicate that the factors most strongly associated with the adoption 
decision across all three countries are access to credit, access to agricultural information, and 
membership in a farmers cooperative. In the technology-specific models, fertilizer adoption was 
influenced significantly by access to credit, but was also positively associated with farmer 
education and farm size. Regarding irrigation adoption, the most important factors included farm 
size, access to credit, and access to agricultural technology. The adoption of improved storage 
was strongly associated with farmer education, land title, and access to credit. The results 
strengthen the argument that education, extension, and financial services must be strengthened to 
better respond to household’s needs.  
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DEDICATION 
 
 
 
“I’m not sure what I’ll do, but – well I want to go places and see people. I want my mind to 
grow. I want to live where things happen on a big scale.” 
--F. Scott Fitzgerald 
 
 
 
 
 
 
“Strange is our situation here on Earth. Each of us comes for a short visit, not knowing why, yet 
sometimes seeming to define a purpose. From the standpoint of daily life, however, there is one 
thing we do know: that man is here for the sake of other men.” 
—Albert Einstein 
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INTRODUCTION 
 This section provides a brief introduction to the research conducted within the scope of 
this thesis. The first section outlines the central problem statement of this paper and the context 
of current agricultural policies in the region studied. The second section provides an introduction 
to the economic and agricultural structures of the three countries examined. The third section 
outlines the objectives of the following thesis research.  
1.1 Policy Context and Problem Statement 
The majority of poor households, especially in Sub Saharan Africa (SSA), lives in rural 
areas and depends on agriculture for their livelihood.  For developing countries, improved 
agricultural technologies have the potential to reduce poverty and food shortage and contribute 
to overall economic growth. Most efforts to help reduce the vulnerability of the rural poor are 
centered on improving agricultural practices as a means of increasing productivity, efficiency, 
and income (Parvan 2011). The long-term improvement of subsistence agriculture depends on 
whether farmers adopt and use improved technologies properly. Parvan (2011) points out that,  
“by understanding how farmers and communities decide whether or not to adopt a 
technology, aid professionals and policy makers can refine their agricultural technology 
outreach projects to address the conscious and subconscious concerns of targeted 
communities, and increase the probability that farmers will be willing able to participate 
in project activities.”   
The issue of choice of technology needs to be addressed for several reasons. First, an 
understanding of the issues facing smallholders is important in measuring the impact of the 
effectiveness and efficiency of assistance offered to rural households in SSA. Overall 
agricultural development is crucial to overcoming food insecurity, and a greater understanding of 
the choices made by subsistence farmers will enable the more efficient use of aid funding so that 
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we may target certain needs.  Second, this understanding has important policy implications 
because it could suggest the introduction of measures that ensure better access for smallholders 
to complementary inputs, especially land, labor, and extension services. It is important for future 
policies to take into consideration if and why certain groups of farmers are not adopting 
improved technologies. Third, a better understanding of the decision-making process in these 
households will help to “fill the gaps” and explain why there is still a significant difference 
between the average incomes of farmers in these countries. 
1.2  Introduction to Study Countries 
In order to apply findings of quantitative research it is important to understand the 
economic and agricultural landscape of the three countries studied. Below are summaries of the 
three West African countries included in this thesis.  
1.2.1 Ghana 
The Republic of Ghana, formerly known as the Gold Coast, has a population of just over 
25 million people.  It is estimated that 70% of the total population lives in the southern region 
and over one-third of the population lives in an urban area. Data from the most recent Ghana 
Living Standards Survey (GLSS) conducted in 2011 revealed that the  average household size in 
Ghana is 4, with the greatest average being 6.5 in the Upper West, while only 3.4 in the city of 
Accra. Currently nearly 30% of the population is below the poverty line.  According to the Food 
and Agriculture Organization of the United Nations (FAO) about 52% of the labor force is 
engaged in agriculture. It is estimated about 29% of the farm labor is female. Approximately 
one-quarter of the GDP comes from the agricultural sector. Although maize is cultivated widely 
throughout all but one region of the country, the production technologies vary greatly (Doss 
2001).  
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 Ghana is divided into five distinct agro-ecological zones. These are: (a) the Coastal 
Savannah, (b) Transition, (c) Northern Savannah, (d) Deciduous Forest, and (e) Rainforest 
zones. Each respective zone is particularly dominant in a different farming system. Soils in the 
Savannah zones are especially poor with low levels of organic matter, high levels of iron, and are 
very susceptible to erosion (FAO 2013). These conditions make the need for inputs such as 
fertilizer imperative.  
Ghanaian agriculture is overwhelmingly smallholders who account for about 80% of 
total agricultural output (IMF 2007).  Farm sizes are small with an average size of less than two 
hectares for over 90% of farm holdings (Chamberlin 2007). The dominant crops grown are 
maize, cassava, vegetables, fruits, and nuts.   Efforts to raise incomes of small farmers have 
hinged on provision of modern technologies to farmers.  The biophysical, economic, and 
technical requirements of modern agriculture have prompted the government of Ghana to 
implement supportive agricultural technology programs in support of farmers.  The policy 
context and implementation programs for these interventions are summarized below for each 
country. 
Agriculture policy initiatives in Sub-Saharan Africa countries overwhelmingly endorse 
the need for efficient use of new production technologies.  For example, the Poverty Reduction 
Strategies Papers (PRSP) of Ghana, Liberia, and Senegal place considerable emphasis on the 
role of technology in agricultural development.  The justification provided in support of a 
technology-led agriculture development in Ghana also captures the policy rationale supporting 
the technology decision in Liberia and Senegal.  Ghana’s agriculture policy, the Food and 
Agriculture Sector Development Policy (FASDEP II 2007) states, “the modernization of the 
agricultural sector will strengthen the sector’s linkages to other divisions of the economy, create 
employment, and add value to commodities produced.” Improving agricultural production will 
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also reduce the incidence of rural poverty and increase food security in rural areas. In order to 
increase productivity the Ghanaian government aims to improve delivery of extension services 
and improve market access for smallholders. This targets poor, risk prone and risk-averse 
farmers who as subsistence producers suffer most from poverty. These goals are stated explicitly 
in the second installment of the Food and Agriculture Sector Development Policy (FASDEP II 
2012). The issue of low productivity in staple crop production has far reaching effects on family 
health and nourishment.   
 In order to align with the recognized needs and constraints of agriculture in each 
country, this thesis examines those technologies that are being promoted by the selected 
countries’ governments. For example, the Ministry of Food and Agriculture (MOFA) in Ghana 
exclusively states that the “government will assist in the private sector to build capacity to 
produce and/ or assemble appropriate and affordable agricultural machinery, tools, and other 
equipment locally (2012)”. In order to highlight relevant policies in the study countries, the 
following sub-section is divided into the three technologies examined in the scope of this thesis: 
fertilizer, irrigation, and improved storage.  
Fertilizer 
Fertilizer research, education, extension, and finance are important to support West 
African countries’ agricultural production due to lack of soil fertility and quality. It is important 
for these countries because there is an absence of locally produced inorganic chemical fertilizers 
causing a reliance on foreign imports. This has prompted the governments of all three studied 
countries to intervene in the fertilizer market.  
Fertilizer use in Ghana is 8kg per hectare (ha), representing one of the lowest rates in 
Sub Saharan Africa, which is already the lowest consumer of fertilizer in the world (MOFA 
2007).  The incidence of fertilizer use is much greater among farmers with larger land holdings. 
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Approximately 10% of smallholders with less than 1.0 ha use fertilizer, compared with over 20% 
of those with more than 5.0 ha (GOG 2010). In Ghana, fertilizer is primarily used on cash crops 
like cotton, palm oil, and cocoa.  This could be partially explained by the fact that farmers 
growing a greater share of cash crops have a higher income.  
Despite past government intervention, high administrative and overhead costs as well as 
poor coordination between the importers and dealers caused the programs to be unable to reach 
the intended beneficiaries. Poor timing caused significant issues since during the peak fertilizer 
application periods the subsidized fertilizer was unavailable. Despite these efforts, Ghana’s 
Medium Term Agriculture Sector Investment Plan (METASIP) cites that fertilizer application is 
still low, about 5 Kg/ha, which is only half the rate of the SSA average (METASIP 2011). 
Overall, past government interventions in the fertilizer markets have not been successful at 
targeting smallholders. For the aforementioned reasons, fertilizer policy in Ghana needs to be 
revisited. The final section of this thesis provides policy recommendations based on findings.  
Irrigation 
Irrigation is necessary for increasing agricultural output.  The availability of reliable 
irrigation systems reduces the vulnerability of smallholders to variability in rainfall, a 
characteristic in the more arid zones. Improved irrigation complements the use of other modern 
technologies such as fertilizer and other chemical inputs.  Formal irrigation scheme use is low in 
Ghana.  It is currently estimated that only less than one% of Ghana’s country’s total arable land 
is under any sort of irrigation system (PRSP 2012). In addition, less than one-third of total 
irrigated land lies within a public scheme (Namara 2011).  A study conducted by the Ghana 
Irrigation Development Authority (GIDA) estimated that there are 32,000 hectares of “under-
developed inland valleys throughout the country that could benefit from moisture improvement 
technologies for food production” (FASDEP II 2000).  Also, comprehensive studies conducted 
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following the first GPRSP implementation found that current public formal irrigation systems 
are “operating at one-third of their designed capacity with low yield and low cropping intensity 
due to poor operation and maintenance of facilities” (PRSP 2012).  
Ghana’s poverty reduction strategy (PRSP) targets irrigation systems to reduce 
production and distribution risks and overcome bottlenecks in the agricultural sector. These 
policies have a number of steps beginning with increase government investment to expand 
agriculture-related infrastructure. The GOG has outlined plans to “promote development of 
appropriate irrigation schemes such as small drainage dams, dugouts, and lifting water from 
rivers and wells (PRSP 2012). Finally, another policy objective is to promote land reforms that 
ensure access to irrigated land, especially to women and youth.  
Rainfed agriculture is the dominant form of production, which has posed a significant 
constraint to expanding production. Ghana has implemented its Ghana Irrigation Development 
Policy (GIDP) in order to promote the effective and sustainable use of irrigation in order to 
improve productivity and livelihoods. The GIDP defines informal or smallholder agriculture as 
“irrigation practiced by an individual who cultivates an area of up to about 0.5 hectares or more 
by using simple structures and equipment for water storage, conveyance, and 
distribution”(2011). Those involved in informal irrigation outlay relatively small capital 
investments for access to water and the majority does not depend on public infrastructure for 
their supply. The informality of smallholder water usage discourages investment, which results 
in constraints such as limited access to credit and tenure insecurity. Irrigation development in 
Ghana has been justified as a way to achieve food security poverty reduction and rural 
employment (Namara 2011). Information about those producers currently using irrigation 
methods is important to making it more accessible to remote populations. 
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Improved Storage 
Proper storage of grains and vegetables can be just as crucial to the production process 
as the proper application of seed and fertilizer. Based on most recent data it is estimated that 
Ghana’s FASDEP II cites that “limited knowledge of post-harvest management” is causing high 
rates of losses, whose effects are most harshly felt by subsistence farmers. This particular policy 
estimated that losses are up to 50% for perishable products like fruits, vegetables, roots, and 
tubers and between 20 and 30% for grains. Appropriate post-harvest storage methods are also 
necessary to maintain health in a rural setting. Poor storage practices of maize, groundnuts, and 
other cereals in West Africa contribute to infestation and contamination, resulting in loss of 
potential for the farmer and his/her household. Though the FASDEP II supports research into 
various storage methods, there is currently no specific policy to make storage technology more 
accessible to smallholders. The final section of this thesis includes policy recommendations to 
facilitate the adoption of modern storage methods. 
1.2.2 Liberia 
Liberia lies between Sierra Leone and Cote d’Ivoire and has a population of 4.1 million 
people, with an estimated population growth of 2.1% annually (World Bank 2012).   It has been 
estimated that 83.8% of the population live on less than $1.25 per day. About 53% of the 
population lives in rural areas and 70% of the working population is involved in agriculture. In 
2008, agriculture contributed about 42% of national GDP with most of that revenue stemming 
from tree crops such as rubber, cocoa, and coffee (CIA 2009). As the main staple food inland, 
over 75% of the inland population grows rice. About 46% of the land is in Liberia is classified as 
arable  (FAO 2012). 
Liberia is divided into three agro-ecological zones, each of which is represented in this 
study by one county. First, the Coastal Plains zone consists mainly of mangroves and scattered 
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bush and savannah woodlands, has the most potential for pasture crop production (FAO 2012). 
The households in Grand Bassa County represent this ecological zone. Second, the Forest Zone 
sub-divided into a “closed” forest and a “transitional” forest. Farming systems in this zone 
commonly include lowland and upland rice, as well as yams, cocoyams, potatoes, and other 
vegetables. This zone is particularly good for coffee and cocoa production as well as cash crops 
such as citrus, rubber, and oil palm (FAO 2012). Households in Nimba County, which borders 
the east of Côte d’Ivoire, are representative of this zone. Lastly, the Northern Savannah zone 
consists mostly of dense grasslands and scattered trees and shrubs. Although coffee and cocoa 
are the main cash crops for smallholders, most grow rice and cassava for subsistence. The 
Northern Savannah zone is represented by the households in Lofa County, which borders both 
Sierra Leone and Guinea. 
The PRSP for Liberia states, “agriculture provided the mainstay of the economy 
throughout the conflict and has accounted for over half of the GDP in the post-war period” and 
that one of the country’s key challenges to reduce the rural poverty level is to “improve food 
crop yield by adopting new technologies” (PRSP Liberia 2008). The World Bank estimates that 
over 70% of the workforce in Liberia is involved in agriculture so its productivity is crucial for 
many household livelihoods.  
Fertilizer 
There is little recent literature available about the application and economics of fertilizer 
in Liberia, however the role of fertilizer to increase agricultural production is present. In 1991, 
Jallah found that the latosols, the most productive soil found in Liberia, is used predominantly to 
grow upland rice, but can only be cultivated successfully if under phosphorous fertilizer. This is 
the only type of soil of four found in Liberia that is suitable for planting food crops.  There is 
currently no government involvement or policy regarding fertilizer prices, which are still high 
  
 
9 
due to foreign import and transportation costs. In the final section, this thesis will recommend a 
potential policy approach based on evidence gathered on households who have adopted fertilizer.  
Irrigation 
In Liberia water resources are being under-utilized and offer great potential for 
substantial development of agricultural production if used effectively. It is estimated that less 
than one% of irrigable land is currently developed. The government of Liberia has made 
irrigation a priority in its Food and Agriculture Policy and Strategy (FAPS) urging the need to 
establish an “operational, legal, and institutional framework ensuring efficient development, 
utilization, management, monitoring, and conservation of the water resources in the country” for 
agricultural use (2008). In order to ensure that water resources are used and managed efficiently, 
the government plans to implement a National Water Resource Strategy (NWRS) to “meet the 
urgent national needs in the food and agriculture sector”.  
The national Liberia Agriculture Sector Investment Program (LASIP) dedicated funding 
to the improvement of rural infrastructure and includes a target to increase the share of arable 
land under irrigation from less than 2% to 5% by conducting a comprehensive inventory of 
viable inland swamps and promoting efficient wetland management. The GoL also wishes to 
“construct and promote diverse irrigation systems, including small-scale schemes utilizing water 
collection techniques to support sustainable production (LASIP 2010). 
Improved Storage 
Although no specific policy regarding post-harvest storage exists in Liberia, measures 
need to be taken to make modern storage infrastructure more affordable.  Liberia’s role in the 
Comprehensive African Agriculture Development Programme (CAADP) includes an initiative to 
integrate proper storage methods and facilities into extension and education services. In addition, 
the CAADP agreement improves a target to “To enhance productivity and expand acreage 
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through small-scale mechanization” that encourages farmers to adopt these methods to improve 
local markets (FAPS 2012). The final section of this thesis recommends policies to make 
improved storage methods and corresponding information more accessible to Liberian 
subsistence farmers.  
1.2.3 Senegal 
Senegal is located between Mauritania and Guinea-Bissau with a total population of 
about 13.8 million with a relatively low population density outside the urban areas. While about 
75% of the working population is employed by agriculture, it only contributes about 17% to 
GDP as much of this production is still constrained to the subsistence level. The staple crops in 
Senegal include millet, sorghum, and rice and these differ greatly from the other two study 
countries. With much of the population moving into urban areas (it is estimated that 60% of the 
population will live in urban areas by 2050) there is little opportunity for off-farm income 
generation (WB 2013). This strengthens the need for households to increase their average yields 
The vast majority of farmers are smallholders, combining cash crops (groundnuts and cotton) 
and subsistence/staple crops (millet, sorghum, maize, and rice) while possessing some livestock 
(FAO 2012).   
Senegal is divided into seven agro-ecological zones, each with varying farming systems. 
Three of those zones are represented within the sample of farmers surveyed. First, the Groundnut 
Basin, which takes up nearly 30% of the country’s landmass, accounts for approximately three-
quarters of Senegal’s total grain and peanut production (Gray 2002). Two of the five regions 
included in the dataset, Fatick and Kaffrine, are included in this agro-ecological zone.  Second, 
the Eastern Senegal or Upper Casamance Zone is known primarily for its cotton production. 
Two of the regions, Kolda and Tambacounda, and included in this ecological zone. This zone is 
characterized by dense forest and is the source of approximately 65% of national maize 
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production (USAID 2011).  Lastly, the Senegal River Valley zone is the source of between 93 
and 97% of Senegal’s irrigated rice production (WB 2010; USAID 2011). The fifth region 
included in the sample, Matam, is part of this zone.  
Senegal’s policy mentions that agriculture has “remained the principal engine of 
development” although the sector-wide contribution to GDP in last four years has been only 10% 
annually (PRSP Senegal 2010). The Senegalese government passed legislation in 2004 known as 
the Law on Guidelines for Agriculture, Forestry, and Livestock (LOASP) to help “intensify and 
modernize agricultural production”. It is helpful to understand what factors contribute to the 
technology adoption or use decision so that these policies may be more effective and reach the 
impoverished populations they are meant to be targeting. Each of the three technologies 
examined this this thesis are discussed in the Senegalese context in more detail below. 
Fertilizer 
Effective fertilizer use in Senegal is of utmost importance due to its poor soil quality and 
heavy reliance on imported food. In 2008, the government of Senegal implemented The Great 
Push Forward for Agriculture, Food, and Abundance (GOANA) with an overall objective for the 
country to achieve food self-sufficiency by 2015. This legislation acted in a number of way 
including subsidies on inputs with historically volatile prices. First, policies were put in place to 
subsidize seeds and agricultural equipment up to 75% of the market price. Second, fertilizer was 
subsidized at half of the market price. Although not all program targets have been reached, as 
outlined in a 2011 CGIAR Private Sector Report, successes have been found in its product 
targets to increase domestic production. From 2008 to 2009 domestic cereal production area was 
estimated to have grown 125%. This embodies staple crop production improvement including an 
estimated 56% increase in rice production, 51% for maize, and 29% for millet (CGIAR 2011).  
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Much of the agricultural production in Senegal is performed within the drought-prone
    Irrigation
 
Sahel, which is characterized by poor soil quality and irregular rainfall. The Agence Française de 
Développement (AFD) estimates that the Senegal river has the potential to provide irrigation to 
approximately 240,000 hectares which could cover up to 70% of national needs (2013). In 
addition only five% of land in production is under irrigation, so agriculture is typically rain fed 
and matched with extreme variability by season (CGIAR 2011). To mitigate the risk of 
dependence on rain fed agriculture for smallholders, policies are needed to enable the 
development of reliable irrigation infrastructure throughout the country.  
Irrigation funding from AfDB currently supports the Project to Support Local Small-
Scale Irrigation (PAPIL) that commenced in 2003. The project is intended to help reduce rural 
poverty levels and increase overall food security in Senegal by improving the infrastructure 
necessary to mobilize water efficiently. This project is still on-going in three of the five regions 
in Senegal examined in this thesis: (a) Fatick, (b) Kolda, and (c) Tambacounda. The project has 
helped to increase the potential hectares of local farmland, developed rice and horticulture 
production, and increased the incomes of local farmers (AfDB 2012). 
Improved Storage 
The Food and Agricultural Organization of the United Nations (FAO) has successfully 
implemented modern storage technologies, such as over 300 metal silos, in Senegal. Yaciuk and 
Yaciuk studied the effects various post-harvest storage methods in rural Senegal. The study 
defined tradition storage such as straw or mud granaries. The average loss seen for millet was 
nearly 7% and 27% loss of sorghum (Yaciuk 1977). Improved storage infrastructure can lower 
the share of food lost and increase the amount of food available in local and regional markets.  
Minimizing post harvest loss is one way to increase food production efficiency. Losses are 
usually caused by post-harvest insect pests and grain pathogens (Tefera et al. 2011).  
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1.3 Research Objective 
The overall objective of this thesis is to identify and explain the factors that influence the 
choice of agricultural technology used by rural households in three countries (Ghana, Liberia, 
and Senegal) in West Africa.  To address this broad objective the thesis will explore the 
following specific issues: 
1. Identify the key socioeconomic and biophysical factors influencing farmers’ decision to 
adopt selected technologies; 
2. Compare the influence of these factors between agro-ecological regions in the three 
countries studied in this thesis; 
3. Use the results from the theoretical and statistical analyses to recommend policy 
strategies that may be used to increase technological adoption to boost rural incomes and 
enhance food security in the three countries.   
 1.4 Thesis Outline 
The rest of the thesis is organized as follows. The introductory section provides working 
definitions of terms used in this thesis. It also highlights the existing policies regarding 
technology in the countries studies. The second section presents the literature survey.  Given the 
extensive literature on technology adoption, the section will be organized in three sub-sections.  
The first sub-section will discuss applicable technology adoption theories in the literature, the 
second sub-section will discuss applications to countries in SSA, and the third sub-section 
discusses some of the econometric problems associated with technology adoption decisions.  The 
next section presents the methodology used including sources of data, econometric approaches 
used and a description of variables. The hypotheses to be addressed are also discussed. Results 
from the statistical estimation are discussed by country in the fourth section.  Conclusions and 
policy recommendations are presented in section 5. 
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LITERATURE REVIEW 
2.1 Definition of Technological Adoption 
Gershon and Umali (1993) defined technology as  
“… a factor that changes the production function and regarding which there exists some 
uncertainty, whether perceived or objective (or both). The uncertainty diminished over 
time through the acquisition of experience and information, and the production function 
itself may change as adopters become more efficient in the application of the 
technology.”  
It is assumed that any adopter, particularly smallholders, Rogers (1962) defines the 
adoption process as “the mental process an individual passes from first hearing of the innovation 
to final adoption.” This thesis follows the definition suggested by Gershon, Just, and Zilberman 
(1985) and defines final adoption by the individual farming household as “the degree of the use 
of a new technology in the long-run equilibrium when the farmer has full information about the 
new technology and its potential.” The challenge facing policy makers and development experts 
is how best to assist farmers in making decisions about the choice between the traditional 
technology that necessitates no specific inputs and yields a given level of production per hectare 
with certainty, and the innovative technology that shows high average yield when coupled with 
specialized inputs are used along with appropriate cultivation practices (Feder and O’Mara 
1981).  
2.2 Existing Literature on Adoption 
There is extensive literature on technology adoption in developing countries across a 
variety of topics. This review will focus on technology adoption in the context of some of the 
essential staple crops in SSA and also discusses the theoretical and statistical approaches that 
have been applied in previous studies.   
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The impact of technology on staple crop production in SSA has been widely studied.  In 
1990, Adesina collected data from 83 farming households in the humid tropical rainforest zone 
of Nigeria. The authors sought to understand the underlying factors influencing the decision to 
adopt an improved cassava variety. The authors used a qualitative choice model to explain the 
choice of adoption of this improved variety. The following explanatory variables were used in 
the model: farm size, family size, age, and income. Dummy variables included extension 
activities, the migrant status of the farmer, and ownership of farmland. In the case of farm size, 
age, and income, these variables were based on the mean threshold determined by the sample. 
For example, farmers with farms above the sample mean farm size were given a value of 1, and a 
value of 0 if otherwise. The results showed that farmers’ decision was significantly influenced 
by the information provided by extension agents. The study also did not find factors such as the 
age of the household head and the average farm size to be significant in the adoption of an 
improved cassava variety, but “farmer’s age above the mean sample age of 30, and farm sizes 
above the mean household farm size of 0.6 hectare are significant” (Adesina et al. 1990). The 
factors found to be significant in the adoption decision were farm income, migrant status, the 
level of extension services, and land ownership. The study suggested several policy outcomes. If 
younger farmers are exposed to improved technologies there is an increased likelihood of 
adoption because they are more aware of the benefits of adoption. In addition, the availability of 
extension agents to these farmers had a significant role in adoption; therefore technical support 
and information to be provided to farmers should be a priority in this particular region. Other 
studies have seen similar results in the significance of age (Rahm and Wallace 1984; Negatu and 
Parikh 1999). A number of studies have also examined the crucial role played by extension 
efforts in Argentina and its impact on the decision to adopt (Cerdán-Infantes et al. 2009; Baidu-
Forson 1999). 
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Due to the fact that the production of the various staple crops vary across countries and 
regions, it is necessary to consider studies that examine those found in all three countries studied. 
Gerhart (1975) studied the factors influencing the use of hybrid maize and wheat varieties in 
western Kenya. The author examined the factors that may influence the adoption decision and 
particularly a possible explanation for the distinct difference in the level of adoption between 
zones. The study is based on 360 surveyed maize farmers across all agro-climatic zones in 
Western Kenya. Gerhart used a two-stage probit model and found that the level of formal 
education, knowledge of the availability of credit, and production of cash crops were all 
positively related to adoption. The author found that farm size was positively related to adoption 
and the age of the farmer was negatively related to adoption however this was not statistically 
significant. As seen across the whole studied population, education and credit availability were 
again significantly and positively related to adoption. It was also found that surveyed farmers’ 
attendance at training center was also positively related to adoption. In this particular zone the 
farmers’ age and the size of the plot were not significantly related to adoption and in fact had 
negative coefficients.  
The first distinct result taken from this study data was that while the difference in 
adoption rates between small and large farms were not significant, the differences between agro-
climatic zones were substantial. This finding supports the idea that the unique characteristics of 
agro-climatic zones play a dominant role in influencing patterns of adoption. The author gives 
some reason for the substantial variances between zones. First, the historical introduction of 
maize into the area varies greatly across zones. In addition, climatic disparities such as lower 
rainfall and poorer soils in the third zone likely influences the lower levels of adoption. Next, the 
third zone examined is characterized by “poorer roads and input availability and lower levels of 
extension and farmer training”(Gerhart 1975). Finally, the author cites the significant differences 
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in the ethnic structure of each zone. Gerhart explains “tribal boundaries in Kenya, with few 
exceptions, are well delineated and often conform closely to geographic features”. These are 
important observations to keep in mind when comparing adoption data across regions.  
The literature relevant to this thesis is not limited only to studies conducted in Sub 
Saharan Africa and it is important to consider findings from subsistence farmers residing in other 
regions. Neill and Lee (2001) examined the socioeconomic characteristics influencing the 
adoption of a maize-mucuna cropping system in Northern Honduras. This practice involves a 
planting rotation pattern between maize and a velvet bean legume in an effort to increase pro. 
Data for this study was collected from 370 households from June to August 1997 and 
respondents were divided into three groups: adopters of the maize-mucuna system, abandoners, 
and non-adopters. Planting the legume mucuna was an effective way to reduce labor use and cost 
and also increased overall maize yields due to substantial nitrogen fixation and biomass 
production (Neill and Lee 200). This innovative technology allowed Honduran smallholders to 
produce more maize on fewer hectares. The maize-mucuna system reduces costs to smallholders 
in two significant ways. Data from this study confirmed that, as seen previously, the addition of 
mucuna reduces pre-harvest labor by 15 to 20% and requires less inorganic fertilizer due to its 
natural nitrogen fixation. As expected, farm size and tenure security both had positive effects on 
the incidence of adoption. The authors found that the age of the household head was negatively 
and significantly associated with continued use of the crop rotation scheme. This result could be 
partially explained by “the provision of labor by younger farmers for their elderly parents” (Neill 
and Lee 2001). This has been seen in other studies of adoption, including outside of Africa, such 
as Dagang and Nair’s (2008) examination of the adoption of agroforestry in Central America.  
One important characteristic of the studies on technology adoption is the choice of 
statistical approach to use in analyzing the data. The probit model is a common tool used to 
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technology adoption choice (Doss 2000; Tanellari 2011; Adesina et al. 1990; Gerhart 1975). In 
2009, Uaiene et al. examined the incidence of improved agricultural technology adoption in 
Mozambique. The authors used data over a two-year period to compare adoption decisions over 
time. This data included interviews from 4,908 households from 80 districts in 2002 and then 
over 6,149 surveys from 94 districts in 2005 (Uaiene et al. 2009). The dependent variables 
examined in this study included the adoption of improved seed varieties, fertilizer, chemical 
pesticide, livestock, and mechanization. The independent variables included in the model were 
the (a) gender of the household head, (b) interaction with an extension agent, (c) membership in 
an agricultural group, (d) access to credit, (e) age of the household head, (f) years of formal 
education, (g) distance to market, and (h) family size. 
Results from the study show that access to credit and membership in a farmers 
organization were the most influential factors in the adoption decision for all technologies 
studied. The authors note that access to credit and organization membership are similar because 
“both of these variables may be proxies for unobserved management skills on the part of the 
farmer” (Uaiene et al. 2009). Contact with an extension agent has been known to increase the 
probability of adoption, which follows the innovation-diffusion theory (Kebede et al. 1990). This 
association may be due in some part to the assumption that more skilled farmers share 
information and learn mutually. For all examined technologies except improved seeds, the 
number of years of formal education of the household head had a positive relationship with the 
incidence of adoption. Age of the household head had a positive relationship to the adoption of 
two technologies, livestock tilling methods and mechanization. The gender of the household 
head was significant and positive and was in keeping with the hypothesis that men were more 
likely to adopt the new technology than women. An increased farm size only had a significant 
positive effect on the adoption of livestock-use and mechanization. 
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Previous authors have also used the probit model to explain inequalities in the rates of 
agricultural technology adoption between men and women. Doss and Morris (2001) examined 
the issue of technology adoption among rural household in Ghana. The authors’ objective was to 
answer the following question: why do men and women adopt agricultural technologies at such 
different rates? This is an important question because development practitioners are becoming 
increasingly interested in gender impacts of technological improvement in agricultural practices.  
The authors focused specifically on technical improvements in the production of maize, 
which is Ghana’s most prominent cereal crop and a crucial staple. The two technological 
improvements the author examined were modern varieties that had been disseminated and 
inorganic fertilizer. The data for this study was collected through a randomized procedure of 420 
maize farmers in 60 villages in order to ensure a representative sample.  
The authors used a two-stage probit model to examine the rate of adoption and compare 
this between male and female farmers. In the first stage, a set of estimators was used to predict 
the probability of adopting either fertilizer or the modern varieties. In the second stage, the 
predicted values for variety adoption and fertilizer adoption were included as independent 
variables in the set of estimators. It was expected that the decision to adopt one the technologies 
is affected by the decision to adopt the other, so the study accounted for the link between these 
two technologies.  
Doss and Morris included dummy variables to distinguish the four agro-ecological 
zones. The gender of the farmer as opposed to the gender of the head of the household was also 
measured as a dummy variable to serve as a covariate (Doss and Morris 2001). Explanatory 
variables included in the model were the age of the farmer, education level, amount of land 
owned by the household, the number of extension visits, and household size (as a measure of 
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labor availability). The authors also created an index to represent the level of infrastructure in the 
village because it is understood that access to markets also effects the adoption decision.  
This study found that the gender variable in both stages of the probit model lacked 
“significant explanatory power”(Doss 2001). It was found that many of the explanatory variables 
included had the expected signs and were statistically significant. In the adoption model of 
improved varieties, ecological zone, level of education, amount of land owned, number of 
extension visits, and level of infrastructure available were positively related to adoption. In the 
model of fertilizer adoption, these variables as well as the perceived level of soil fertility were 
positively related to adoption.  
These models suggested that the availability of labor was not statistically significant to 
the decision-making. The authors note that this could indicate that the availability of labor does 
not significantly impact fertilizer or modern variety adoption decisions. Another possible 
explanation for the lack of significance is that the variable used to measure labor availability, 
number of people in the household, is not an appropriate indicator.  
The model suggested that the modern variety and fertilizer adoption decisions may be 
done independently, not jointly as was predicted. The results suggest that technology adoption 
decisions in Ghana are based mostly on access to inputs and resources, rather than on gender. 
This is not to say that the adoption of modern varieties and fertilizer are gender-neutral. This is 
an important conclusion to consider when interpreting the results of the thesis work. 
Previous authors have used the tobit model to analyze farmers’ adoption decisions. 
Adesina and Zinnah (1993) examined how farmers’ perceptions about characteristics of 
improved mangrove swamp rice varieties affect the household-level decision to adopt in Sierra 
Leone. The authors’ objective was to focus on what is known as the “adopter perception” 
paradigm as introduced by Kilvin and Fliegel (1966). This model indicates “the perceived 
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attributes of innovations condition adoption behavior” (Adesina and Zinnah 1993). Data for this 
study was collected through 124 interviews of mangrove swamp rice farmers. The Tobit model 
used not only measured the probability that the farmer would adopt a new variety but also the 
intensity of use of the adopted technology. The model included various perceived characteristics 
of the improved varieties such as taste, yield, ease of threshing, and ease of cooking. Farm 
specific characteristics being measured included (a) farmer age, (b) farm size, (c) contact with 
extension agents, (d) participation in on-farm tests of the varieties, and (e) years of experience of 
mangrove rice farming.  
Technology-specific and farmer-specific characteristics were modeled separately. In 
terms of the influence of farmers’ perception of technology features, all characteristics 
considered, with the exception of age, were significant in explaining the adoption and intensity 
of modern varieties among surveyed farmers. At the farm level, participation in farm tests and 
contact with an extension agent were found to be positively and significantly related to the 
adoption of new varieties. When all these traits were modeled together, none of the farmer-
specific variables were significant. These results imply that farmer perceptions are an important 
piece to consider when exploring technology-specific adoption.  
A number of studies have been conducted to quantify and measure the role of farmers’ 
cooperatives on the likelihood of agricultural technology adoption. These include those who 
compared the current rate of adoption between members and non-members (Bernard et al. 2008; 
Wollini and Zeller 2007). A study by Abebaw and Haile examined the role of membership in an 
agricultural cooperative in the likelihood of the adoption of agricultural technology (2013). 
These and other authors did find it somewhat difficult to measure the economic impact of 
cooperative membership is not random due to the fact that the household enrolls voluntarily. In 
addition, it is also possible that certain districts have a greater number of cooperatives due to 
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higher agricultural activity. The technologies included in the study were (a) fertilizer, (b) 
improved seed, and (c) pesticides.  The authors used a propensity score matching (PSM) method 
in order to more accurately compare members and non-members. Data for this study was 
collected from 965 farming households in seven districts. The study used a logit model to predict 
membership in a cooperative. The results revealed that cooperative membership has a significant 
and positive impact on the likelihood of fertilizer adoption. It was also found that membership 
increases the likelihood of pesticide adoption. These results are important to justify the 
government’s attention to agricultural policy’s that increase the effectiveness of cooperatives.  
This literature review contributes to the broad knowledge of existing literature in this 
field of study. The aforementioned studies help to identify which variables to consider and the 
economic reasoning behind the various outcomes one might expect. This review also serves as a 
recommendation of what statistical model is appropriate in the context of the research question 
posed by this thesis. Finally, the literature review identifies problems that other authors have 
encountered in comparable studies. 
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DATA AND STUDY METHODOLOGY 
3.1  Three Country Study Survey 
The data used in this thesis was collected from various regions in Ghana, Liberia, and 
Senegal. This project was funded through efforts of the Norman Borlaug Foundation, the 
Howard G. Buffett Foundation, and Texas A&M Agrilife Research. A household survey 
instrument was used to collect the data. The survey collected extensive information from farmers 
through all stages of the production process including crop management and practices used, 
labor, food security, etc. The same survey instrument was used across all three countries. 
Regarding technology use, surveyed farmers were asked in they used various technologies such 
as chemical fertilizer, insecticide, herbicide, pesticide, irrigation, hand tools, improved storage 
methods, etc. Although the survey conducted asked extensive questions about the use and 
ownership of a variety of technologies, in order to conduct this research a clear definition of 
technology adoption was needed. In the scope of this thesis three technologies were examined: 
irrigation, fertilizer, and improved storage methods. 
The survey sample includes 407 households from three districts (Greater Accra West, 
Atwima Nwabiagya, and Ejura) in Ghana, 326 households from three counties (Lofa, Nimba, 
and Grand Bassa) in Liberia, and 510 households from five sub-regions (Fatick, Kaffrine, Kolda, 
Matam, and Tabamcounda) in Senegal. Each group is representative of a particular agro-
ecological zone each of which is known for distinct farming systems. Tables illustrating the 
distribution of the households surveyed are included in the respective results sections.  
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3.2  Methodology 
The dependent variables in the adoption model are 0 1 indicating if the households 
surveyed reported the use of fertilizer, irrigation, or improved storage methods.  This thesis uses 
the binary probit model, a dichotomous choice model, to examine the probability of farmer i to 
adopt an innovative technology. According to Gujarati (2004), there are three approaches for 
estimating the qualitative response of dummy dependent variables: 1) linear probability model 
(LPM); 2) logit model; and 3) probit model.  
 It is not appropriate to follow a linear regression and use a model such as the linear 
probability model because we wish to keep the choice probability p within the interval [0,1] (Hill 
et al. 2008). Another drawback of using LPM is that the partial effect of any independent 
variable is assumed to be constant.  
The probit function is related to the standard normal probability density function, 
whereas the logit function follows the logistic cumulative distribution function. The models are 
very similar; the main difference being that the logistic distribution has slightly fatter tails. This 
illustrates that the conditional probability approaches zero or one at a slower rate in the logit than 
in the probit model (Guijarati 2004). Both models follow the assumption that the relationship 
between Pi and Xi is nonlinear. Therefore, the probability approaches zero as Xi approaches 
negative infinity and the probability approaches one as Xi approaches positive infinity. This 
thesis uses the probit adoption model to analyze households’ adoption decision because it is the 
appropriate econometric model for the binary dependent variable and the error term is normally 
distributed. 
 The probit model estimates the effects of Xi on the response probability, Pi = (Y=1|X). 
The model assumes that households make adoption decisions based on the objective of 
maximizing utility. This underlying utility function depends on socioeconomic attributes specific 
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to the household, those of which we will be examining, and an error term with a mean of zero. 
The conceptual framework of this thesis is smilar to that used by Uaiene et al. (2009) and Zavale 
et al. (2005) to model technology adoption by farming households. This study refers to the 
following equations: 
Ui1 (X) = β1Xi + εi1 for adoption    (1) 
Ui0 (X) = β0Xi + εi0 for non-adoption   (2) 
Due to the fact that utility is random, household i will choose to adopt a new technology 
if and only if Ui1 > Ui0. For the ith household, the probability of adoption is defined as: 
P(1) = P( Ui1 > Ui0)      (3) 
P(1) = P( β1Xi + εi1 > β0Xi + εi0 )    (4) 
P(1) = P(εi0 - εi1 < β1Xi -  β0Xi )      (5) 
P(1) = P( εi  < βXi  )       (6) 
P(1) = Φ (βXi )       (7) 
where Φ(.) is the cumulative distribution function of the standard normal (Uaiene et al. 2009). 
The intention of this model is to measure the impact of vector Xi on adoption decisions. Xi = n ×k 
is a matrix of exogenous variables mentioned below. In the case of a normal distribution 
function, the model used to estimate the probability of adoption of a new technology among 
surveyed farmers can be specified as: 
P(Yi =1| x) = Φ (xβ ) = 
!!!𝐱𝛃!! exp  (−𝑧!/2)𝑑𝑧    (8) 
In the above equation, P is the probability that household i adopted the new technology, and 0 if 
otherwise. The simple latent form of the probit model is below where: 
Y* = β0 + xβ + ε        (9) 
In the above equation, ε | x is an error term that is normally distributed.  Y* is an underlying 
index which reflects the difference between the utility derived from adoption of a technology. 
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The equation for our vector of parameters to be estimated and explanatory variables is written as 
xβ with xβ = β1X1 +… βkXk  (Wooldridge 2009). 
When interpreting the results of the probit model, the parameter coefficients should be 
used cautiously. In nonlinear regression models or binary regression models parameter estimates 
cannot be interpreted as marginal effects. It is important to first note that the t-stat reported is an 
indication of whether there is a relationship between the factor (age, education, etc.) and 
technology adoption. Higher t-stats indicate a stronger relationship, while low or negative t-stats 
indicate a weaker relationship. The sign of the t-stat can be interpreted for direction but does not 
indicate the numerical effect that variable has on the probability of adoption. 
 In order to find the impact of the factor, one must look at the marginal effects. For each 
of the seven explanatory variables, the sum of the marginal effects is zero. For the continuous 
variable (plot size) the marginal effects can be interpreted as a one-unit change in the 
explanatory variable, which results in a change in the predicted probability (Hill et al. 2008) !"(!)!!! = 𝜙(𝛽! + 𝑥𝛽)𝛽!     (10) 
Φ(.) is the standard normal probability density function (Wooldridge 2009). To estimate this 
effect we replace the unknown parameters with their estimates. 
For binary explanatory variables (education, land tenure, access to credit, and access to 
agricultural information), the marginal effect is the change in the predicted probability based on 
whether the farmer interviewed is within that category. If, for example, x1 is a binary explanatory 
variable, then the partial effect of changing x1 from zero to one, ceteris paribus, is simply  𝜙 𝛽! + 𝛽!𝑥! +⋯+ 𝛽!𝑥! − 𝜙(𝛽! + 𝛽!𝑥! +⋯+ 𝛽!𝑥!)  (11) 
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For discrete explanatory variables (household size and age) we can also use the 
difference in equation (11) above. The marginal effects of the explanatory variables are 
discussed after the initial analysis of the coefficients.  
This thesis will examine several dependent variables collected by the survey. Interval-
scale variables include age, plot size, years of education, and household size. In addition, several 
binary dependent variables will also be examined. These include whether or not the surveyed 
farmer holds the land title to the land he/she cultivates, access to credit, and access to agricultural 
information. These variables and their scales are defined below in table 1. 
In my model I chose to look at seven of the many factors that have been used to explain 
the irregularity seen in agricultural technology adoption in other empirical studies on the subject. 
These seven factors include 1) plot size 2) household size, 3) farmer age, 4) education, 5) land 
tenure, 6) access to credit and 7) access to agricultural information. This is not to say that these 
factors work individually or exclusively. It has been shown that access to complementary inputs 
is the key to successful adoption. 
The empirical model is specified as: 
Adopt = β0 + β1PlotSize + β2HouseholdSize + β3Age + β4Education + β5Tenure +  β6Credit + 
β7Information + ei 
The beta (β) coefficients included in the model above represent the impact or influence of the 
corresponding explanatory variable. We assume that the error term ei is independent of the 
explanatory variables included in the model. In addition, we assume that ei has the standard 
normal distribution and is symmetrically distributed around zero (Wooldridge 2009).  
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Table 1: Variables in the Empirical Model 
Definitions of variables in the empirical model 
Dependent Variable  
AdoptFIS Adoption of an improved technology specified as one or 
more of the three technologies examined: fertilizer, 
irrigation, and improved storage methods. Measured as 
a binary variable. 
	   	  
Independent Variables  
PlotSize Plot size, measured in hectares. 
HHSize Total number of household members. 
Age Age of the farmer, measured in years. 
Education Formal education, measured as a binary variable: 1 if 
the farmer holds a formal education, 0 otherwise. 
LandTitle Ownership or tenure of land being farmed, measured as 
a binary variable: 1 if the farmer holds title, 0 otherwise. 
AccessCredit Access to a source of credit, measured as binary 
variable: 1 if farmer has access, 0 if not. 
AgInfo Access to a source of agricultural information, measured 
as a binary variable: 1 if the farmer has a source of 
information, 0 otherwise. 
 
3.3  Hypotheses and Expected Outcomes 
 Based on the literature review and the socio-economic backgrounds of the three 
countries examined in this thesis, the following hypotheses are specified and subject to empirical 
verification. 
3.3.1 Plot Size 
 We expect that the sign of the coefficient on plot size will be positive, implying that 
farmers with larger farmers are more likely to adopt an innovative technology. It has been argued 
that farmers with larger plots can mitigate the risk of taking on a new technology as they can 
afford to devote only part of their plot to a new technology (Uaiene et al. 2009) Several studies 
have examined the influence of farm size on the adoption decision (Adesine and Chianu, 2002; 
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Kebede et al. 1990). The studies have suggested that the “relationship of farm size to adoption 
depends on such factors as fixed adoption costs, risk preferences, human capital, credit 
constraints, labor requirements, tenure agreements, and so on” (Feder et al. 1981).  The authors 
also found that farm size has varying effects on the incidence of adoption depending on the 
features of the particular technology and the institutional situation.  
 The first and most frequently cited obstacle to small farmers is the uncertainty associated 
with the new technology and the high frequency of risk aversion among smallholders. Feder and 
O’Mara (1981) examined the introduction of high-yield-crop varieties (HYV) in terms of a 
theoretical decision model. The authors state, “the set-up cost nature of information acquisition 
should tend to create a greater responsiveness to technical change by larger farmers” (Feder and 
O’Mara 1981).  
 A major impediment to the adoption of improved technology by smaller farms is the 
fixed costs of initial implementation. For example, the cost of purchasing new machinery or 
installing improved storage or irrigation system. The theoretical literature suggests that large 
fixed costs reduce the tendency to adopt and slow the rate of adoption by smaller farmers (Feder 
and O’Mara 1981). Fixed costs can include concrete costs such as the cost of new inputs, such as 
fertilizer or seeds, in addition to the time needed to obtain these inputs. This slower rate of 
adoption by smaller farmers may also be attributed to constraints to or lack of access to credit. A 
number of empirical studies have found negative relationships between the intensity of use of 
modern inputs and farm size.  
 In a study on Philippine rice farming practices, Van der Veen (1975), proposed three 
possible justifications. First, smaller farms may cultivate more intensively to meet subsistence 
needs. Secondly, smaller farms may irrigate more efficiently. Lastly, small farms typically use 
relatively more low-cost labor since it is usually immediate family members. In this study plot 
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size is examined by the total amount of hectares that the individual household cultivates. Parvan 
(2011) stated “farmers with larger farms are more likely to adopt an agricultural technology, and 
also more likely to remain adopters”.  
3.3.2  Household Size 
 It has been argued in the literature that the size of the household (family) is likely a 
factor in the adoption decision. However, there is no observed consistent observed pattern of 
household size acting as a constraint to technology adoption (Feder et al. 1985). Household size 
is important in the adoption decision for several reasons. First, the number of children and adults 
proxies the human capital available for agricultural labor. Households with a larger pool of labor 
are more likely to adopt improved technologies and use them more intensively because they have 
fewer labor shortages at peak times. 
 Several studies have found that family size is not significant to adoption, including a 
study by Akinola (1987) of the effects of household size on tractor adoption in Nigeria. One 
explanation was that children or other family members who are not working do not contribute 
significantly to the household’s labor pool.  The expected sign of the household size coefficient 
is indeterminate.  
3.3.3 Farmer Age 
Several studies have included age as a factor in the technology adoption model. This can 
be interrelated to experience such as years of farm production management. Khanna explains, 
“experience may positively relate to technology adoption by increasing a decision maker’s 
ability to assess whether a new technology will be profitable” (Khanna 2003). On the other hand, 
a number of studies have shown that younger farmers are more likely to adopt because they are 
not as fixed in their way of thinking and are better equipped to deal with risk (Voh 1982; 
Akinola 1987). It is difficult to define an upward bound when defining age levels. Another 
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explanation for a higher propensity of adoption by younger farmers is that in subsistence 
agriculture children are involved in farming very early in life. In these households, children are 
often put in positions to make production decisions at a very young age. Polson and Spencer 
state “these younger ‘progressive’ farmers should be the primary target” research and extension 
efforts regarding modern technologies (1990). 
The expected sign of the coefficient on age is indeterminate. It is believed that with age, 
farmers accumulate more capital and are therefore more able to take on adopting a new 
technology (Nkamleu et al. 2005). It may also be that younger household heads are more flexible 
and therefore more likely to adopt a new technology. 
3.3.4  Education 
 Available human capital, primarily farmer education level has been included in most of 
the existing empirical studies on technology adoption. Gerhart (1975), mentioned above in the 
literature review, found that the probability of adoption of hybrid maize in Kenya was positively 
related to education. Many authors have tried to explain the impact of education on the incidence 
of technology adoption. Rahm and Hoffman (1984) state, “human capital variables [such as 
formal schooling] may enhance the efficiency of adoption decisions”. Nelson and Phelps (1966) 
assert, “education enhances one’s ability to receive, decode, and understand information”.  
 In almost all empirical studies the authors found education was positively related to 
agricultural technology adoption. This is consistent with existing literature which finds that 
education creates a favorable mental attitude for the acceptance of new practices especially of 
information-sensitive and management-sensitive practices (Waller et al. 1988; Caswell et al. 
2001). The same has been seen in disciplines outside international development (Evenson and 
Gollin 2003). A number of studies have found education to be insignificantly related to adoption 
including an examination in the decision to double-crop wheat and soybeans by Shapiro, 
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Brorsen, and Doster (1992). The authors cited one reason for insignificance might be the 
conflicting effects of age and experience. 
 Lin (1990) examined the role of education in a farm household’s decision to adopt the F1 
variety of hybrid rice among 500 households in the Hunan Province of China. Education in this 
study encompassed the household head’s years of formal schooling including training. The 
results of this study were that the household head’s level of education has positive and 
statistically significant effects on the household’s probability and intensity of adopting the F1 
hybrid seed. This result points to important policy implications, such as supporting increased 
government expenditures on improving “rural education in order to facilitate technological 
change in agriculture” (Lin 1991). Lin points out that another reason that education may be 
positively related to adoption is because the imperfect information surrounding new technologies 
causes them to be risky and more-educated people may be more prepared to manage risk.  
We expect to find that the sign of the education coefficient will be positive. It is assumed 
that more educated farmers are better able to process and understand new information about 
adopting technology.  
3.3.5  Land Tenure 
Subsistence producers have traditional ownership rights to farmland either through 
inheritance or as a part of communal village holdings (Polson and Spencer 1990). Insecure land 
rights have been seen to inhibit agricultural production. Tenure or title to agricultural land is 
heavily incorporated with the effects of access to credit (Besley and Case 1995).  Agricultural 
land can serve as collateral for larger loans to cover increased fixed and variable production 
costs associated with the adoption of a new technology. Tenure reduces some level of risk and 
uncertainty for the smallholder, which is main concern as they are the population most affected 
by fluctuations in agricultural output. Several studies have examined the role of land ownership 
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among farmers and how this relates to the adoption decision. These include those outlined in 
Feder and Umali’s review that concluded, “renters are less likely to adopt conservation practices 
than are landowners” (Rubas 2004).  In addition, as Parvan (2011) explains it is the “self-
reinforcing nature of vulnerability [that] means that those who can least afford to take on risk are 
trapped in the poverty cycle due to that risk-aversion”.  
There have been mixed results regarding the impact of land tenure on adoption. This 
issue is increasingly important as land reforms in developing nations occur. Polson and Spencer 
(1990) state, “one explanation is that as population pressures increase on scarce arable land, the 
resulting land ownership patterns under freehold may not reflect the desired economies of scale 
obtainable under current large communal holdings”. The expected sign of the land title 
coefficient is positive. Tenure reduces some level of risk or uncertainty for smallholders, which 
is a main concern as they are most affected by fluctuations in agricultural output (Parvan 2011).  
3.3.6  Access to Credit 
Smallholders in Africa are one of the most risk averse populations as the well-being and 
health of their entire household relies heavily, if not solely on the success of their plot’s 
productivity. Constrained access to credit is one of the most often cited reasons that technology 
does not diffuse among the targeted population (Feder et al. 1985). In many rural settings, credit 
markets are highly imperfect or do not exist. A lack of affordable or reliable credit increases 
smallholder risk aversion and deters risky behaviors such as technology adoption. This overall 
risk aversion is often correlated with “higher levels of poverty and vulnerability to shocks” 
(Parvan 2011). The expected sign of the coefficient on credit is positive. Access to credit, 
whether from formal or informal markets, can be a means to mitigate the financial risks 
associated with initial adoption costs.  
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3.3.7  Availability of Agricultural Information 
One of the most influential factors in improving farmers’ management skills is accurate 
information. Reliable agricultural information can influence the decision to adopt by shaping 
attitudes towards and awareness of available technologies (Sunding and Zilberman 2001). 
Awareness is essentially the first step to adopting an innovative technology, especially one that 
is not yet widely known. The various sources of information available to farmers have been 
studied in the literature including government extension programs (Adesina et al. 2002; Tessari 
2000), non-governmental and grassroots organizations (Bunch and Scarborough 1998), farmers’ 
groups or field schools (Caviglia-Harris and Kahn 2003). In addition, media sources such as 
radio and television have also been studied.  
Conley and Udry examined the role of networks and social learning in Ghana and their 
impact on technology adoption. The results from this study show that while a farmer does not 
learn from every other farmer in the village, but rather that information flows “through relatively 
restricted channels, with each farmer learning about new technology through a few sources” 
(Conley and Udry 2001). The data revealed that information passed through direct contact 
between farmers is imperfect. For example, farmers are more likely to know broad information 
about a farmer in close proximity that adopted the technology, like he or she had a good harvest, 
rather than specific details. This can be detrimental to the success of adoption as input details 
like proper type of fertilizer, can impact the effectiveness of the adoption on yield substantially. 
For this reason among others it is important that reliable, technology-specific information be 
available to farmers in order to promote successful adoption. The expected sign on the 
coefficient of access to agricultural information is positive. Sources of reliable information such 
radio or contact with extension agents is expected to stimulate adoption (Polson and Spencer 
1991).  
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3.3.8 Membership in Farmers’ Cooperative 
 As Poulton et al. (2006) argued “agricultural intensification involves both technical 
change and the presence of input, seasonal finance, and marketing systems to increase farm 
production and deliver it to consumers at a competitive price.” In developing countries, 
particularly in SSA, farmers’ cooperatives play a crucial role in the dissemination of modern 
agricultural inputs. They are also important in the spread of improved agricultural production 
information that is necessary for the successful adoption and management of agricultural 
technology. From a policy standpoint, Cooperatives enable the adoption of agricultural 
technologies along many parts of the supply chain. In addition to being a reliable source of 
improved production inputs, cooperatives also collect and sell member outputs, secure individual 
and group business loans for members, and organize trainings. The expected sign of cooperative 
membership is positive.  
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RESULTS 
The discussion of results from the statistical analysis is organized in two parts. The first 
part will present the overall results for Ghana, Liberia, and Senegal. The discussion will include 
the summary statistics of variables included in the statistical estimation followed by an analysis 
of the significance and direction of each coefficient and the marginal effects of the statistically 
significant variables will also be presented. The second part will report the impact of variables 
on the individual technologies (fertilizer, irrigation, and improved storage).  
4.1  Ghana Results 
Table 2 shows the geographical distribution of 407 Ghanaian farmers from three districts 
included in this dataset. A map of the ecological zones and locations of districts surveyed is 
included in the Appendices.  Table 3 provides descriptive statistics for the variables examined in 
the empirical model used to study technology adoption in Ghana, and table 4 shows households’ 
use of fertilizer, irrigation, and storage facilities in the districts surveyed in this study. 
4.1.1  Summary Statistics 
Table 2 shows that 82% of the 407 farmers surveyed in Ghana adopted one or more of 
the three agricultural technologies.  Adoption of the three technologies varies in Ghana with 
approximately 79% of farmers using inorganic chemical fertilizer, while 17% reported using 
irrigation and 54% reported using improved storage methods.  
Table 3 shows that the average farm size reported was 4.70 hectares with approximately 
31% of surveyed farmers reporting a value greater than the  average. The average age of 
households was 47.4 years with the youngest being 24 years and the oldest 80 years. The average 
household size reported was eight people. Only 46 farmers, or roughly 11% of surveyed 
Ghanaian farmers, reported holding title to their land. Nearly a quarter of farmers surveyed 
reported having access to credit, from a variety of sources including family, friends, 
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cooperatives, or formal finance institutions. Over 90% of farmers reported that they had a 
reliable source of agricultural information from various sources such as radio, newspaper, cell 
phone, a local agricultural extension agent, or publications by the Ministry of Food and 
Agriculture. 
 Not only do adoption practices vary between technologies nationally, but also within the 
three districts (regions) studied. These differences are shown in Table 4. The district of Ejura, 
located in the Transitional Zone, had the most disparity in reported rates of adoption.  Nearly 
98% of surveyed farmers had adopted chemical fertilizer but only 6.71% reported having 
adopted irrigation. In addition, less than 5% of surveyed farmers reported using improved 
storage methods after harvest, which is the lowest incidence of adoption among the three 
districts in Ghana. The district of Atwima, in the Rainforest Zone, had the least variation of 
adoption rates across the three technologies. Data from this district also revealed the highest 
incidence of improved storage adoption, nearly 20%. 
4.1.2 Probit Model Results 
Table 5 shows the results of the probit model estimation and corresponding marginal 
effects.  Note that the third region, Ejura, was omitted in order to compare the effects of each 
region on adoption.  The model correctly predicted 82.73% of the observations used. The 
McFadden pseudo-R2 measurement was 0.27, with a log likelihood function of -85.65. The Chi-
squared value was 64.00 with 9 degrees of freedom, which suggests that the model is significant 
overall. Two of the seven parameters included in the adoption model were significant, including 
access to credit and agricultural information. The results show that access to credit and access to 
agricultural information are statistically significant at the 0.05 level or less. The signs of the 
significant parameter estimates are consistent with a priori expectations. 
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The results show that farm size is not a significant factor in explaining the adoption 
decision by farmers in Ghana. The positive sign on the coefficient is consistent with the literature 
such as Khanna’s examination of technology adoption in four Midwestern states (2003). Similar 
studies of subsistence households have found farm size not to be significant (Adesina and Baidu-
Forson 1995; Harper et al. 1990).  
The household size variable was also not significant in the adoption of the specified 
technologies. This result has been seen in earlier studies such as Akinola (1987) who examined 
the effects of household size on tractor adoption in Nigeria. Several reasons have been offered to 
explain the inconsistency.  Polson and Spencer (1990) suggest that since subsistence households 
are already resource poor, “larger family sizes may, in real terms, not contribute significantly in 
increasing the resource pool of the farm family, especially if some family members are not full 
time farm operators”.  
The age coefficient was not found to have a significant effect on adoption. The effects of 
age are inconsistent across the literature partially due to the interacting effects of older age, 
which can imply more experience. In addition, younger farmers are thought to be more flexible 
and open to change. 
Education was not found to have a significant impact on adoption in this model. Past 
studies have had similar results. For example, Shapiro et al. (1992) did not find education to be 
significant in the decision to double-crop soybeans and wheat.   
The land tenure variable coefficient is positive but does not have a significant impact on 
adoption. Other empirical studies have not found a clear relationship between tenure and 
adoption. Results can be confusing, as it is difficult to determine whether the landlord or the 
tenant farmer makes which decision in the production process. For example, regarding the 
variety of crops to be planted on lease land it has been found that it is primarily the landlord who 
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is the decision maker. This could suggest that a more detailed distinction between owner and 
tenant needs to be explained. 
 The access to credit variable has a positive and significant effect, suggesting that those 
farmers who have a reliable source of credit, whether formal or informal, have a higher 
probability of adopting an agricultural technology. Difficulty in securing credit appears to be one 
of the major constraints to technology adoption. Farmers with access to credit exhibited nearly 
an eight percent change (0.0797) in probability of adoption. This could be because credit helps to 
mitigate the initial cost of the technology and necessary inputs that deter adoption. This is 
consistent with the results from similar studies and suggests that counteracting credit market 
failures should be made a policy priority in order to promote the adoption of technology (Uaiene 
et al. 2009).  
 The agricultural information variable has a positive and significant affect. This indicates 
that smallholders who have a reliable source of agricultural information like radio, newspaper, or 
a farmer’s group are more likely to adopt an innovative technology. Access to a source of 
agricultural information increased the likelihood of adoption by 25.35% as illustrated in the 
marginal effect of this parameter. This follows the results of Polson and Spencer (1990) who 
observed that information dissemination “greatly increases farmers’ awareness of available 
technologies and their potential benefits”.  
 Membership in a farmers’ cooperative had a significant and positive effect on the 
likelihood of adoption. This suggests that providing information and support to cooperatives is a 
crucial way to promote the intensification of smallholder production. The marginal effect of this 
variable illustrates that cooperative membership increased the likelihood of technology adoption 
among surveyed farmers by 14.35%. This results is similar to those found by Abebaw and Haile 
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(2013) in Ethiopia which suggested that cooperatives are an effective way to reaching farmers 
with information regarding modern production technologies. 
4.1.3  Ghana Technology-Specific Marginal Results 
The marginal effects, shown in Table 6, illustrate the influence of the explanatory 
variables on each of the three technologies. A series of probit models were estimated for 
adoption of fertilizer, irrigation, and improved storage methods.  Some of the more significant 
results are reported below.  For complete results at the regional and national level for Ghana, 
please refer to Table A in the Supplemental Files. 
The results for fertilizer show that a farmer’s level of education and access to 
agricultural information are significant at the 0.10 level. Among surveyed farmers, a formal 
education increases the probability of the adoption of fertilizer by 10.50. In addition, access to 
information increases the probability of fertilizer adoption by 16.67%. These results are 
consistent with the assumption that access to information increases the probability of adoption 
by reducing the uncertainty surrounding a new technology. This is especially true for a complex 
technology like fertilizer, which requires coordination with other inputs such as irrigation and 
also involves complex decision about optimal time to plant. Access to credit and cooperative 
membership were significant at the 0.05 level. Access to credit increases the probability of the 
adoption of fertilizer by 8.43%. These results suggest that credit is a critical pathway to 
overcoming risk for smallholders. Cooperative membership increased the likelihood of fertilizer 
adoption by 23.41% as seen in the marginal change in probability. This results can be partially 
attributed to the important role that cooperative play in the dissemination of agricultural inputs 
and information concerning modern technologies. 
 An analysis of the adoption of irrigation revealed that similar factors have impacts as the 
adoption of fertilizer. These results can be found in Table 6. Three variables were significant at 
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the 0.05 level. Access to credit is understood to positively affect adoption as it determines the 
potential collateral available to cover the large input costs associated with production (Grazhdani 
2013). The marginal probability change of 0.0735 indicates that access to credit yields an 
incremental change of adoption probability of 7.35%. Access to agricultural information 
increased the likelihood of the household’s adoption by 5.15%. It has been seen previously that 
exposure to information can stimulate adoption, which follows the innovation-diffusion theory 
(Polson and Spencer 1991; Kebede et al. 1990). Membership in an agricultural cooperative was 
found to have a significant positive effect on the likelihood of adoption of irrigation. As shown 
by the marginal effect, membership increased the likelihood of adoption of irrigation by 12.47%. 
This result is similar to those found in Ethiopia by Abebaw and Haile (2013).  
 As shown in Table 6, regarding the adoption of improved storage methods, none of the 
variables included were significant in explaining the decision to adopt. The estimated annual 
post-harvest losses in Ghana are over 18% for maize and over 12% for rice and sorghum 
(APHLIS 2014). This speaks to the need for further research in order to find solutions to 
overcome significant post-harvest losses.   
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Table 2: Location of Households Surveyed in Ghana 
District Agro-Ecological Zone No. Surveys 
Greater Accra (GA) West Coastal Savannah 100 
Atwima Nwabiagya Rainforest 158 
Ejura-Sekeydumase Transitional  149 
Total  407 
 
 
Table 3: Variables and Summary Statistics for Equation 11 - Ghana 
Variable Mean Std. Dev. Minimum Maximum 
Plot Size 4.704 5.37 0.50 50.00 
Household Size 7.574 4.511 1.00 57.00 
Age 47.381 10.60 24.00 80.00 
Education 0.694 0.462 0.00 1.00 
Land Title 0.1411 0.348 0.00 1.00 
Access to Credit 0.255 0.437 0.00 1.00 
Agricultural Info 0.908 0.289 0.00 1.00 
Cooperative Membership 0.294 0.456 0.00 1.00 
 
 
Table 4: Incidence of Technology Adoption in Ghana (% of households) 
Technology GA-West Atwima Ejura 
Fertilizer 85 57.59 97.98 
Irrigation 38 20.25 6.71 
Improved Storage 17 18.99 4.69 
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Table 5: Ghana Probit Model Results for Equation 11 
 
Estimated Coefficients Change in 
 
Parameters t-stat Probability 
GAWest -1.412*** -3.1 -0.3544 
Atwima -2.051*** -4.74 -0.456 
PlotSize 0.014 0.44 0.0022 
HHSize -0.007 -0.33 -0.0011 
Age 0.001 0.1 0.0001 
Education 0.344 1.1 0.0623 
LandTitle 0.122 0.33 0.0187 
AccessCredit 0.578* 2.06 0.07965 
AgInfo 0.988*** 3.06 0.2535 
CoopMember 0.705** 2.56 0.1435 
Constant 1.0621* 1.54   
*,**,*** denotes P-value of P  ≤ 10% , P ≤ 5% , and P ≤ 1% 
respectively. 
 
 
 
Table 6: Ghana Technology Marginal Effects on Probability of Adoption 
Variable Fertilizer Irrigation Improved Storage 
PlotSize 0.003 -0.0094 0.0055 
HHTotal -0.003 0.0017 -0.0043 
Age 0.0005 -0.002 0.0009 
Education 0.105* 0.0172 0.0549 
LandTitle 0.0351 0.0793 -0.0166 
AccessCredit 0.0843** 0.0735* 0.0046 
AgInfo 0.1667* 0.0515* 0.0001 
CoopMember 0.2341** 0.1247* 0.0083 
*,**,*** denotes P-value of ≤ 10% , P ≤ 5% , and P ≤ 1% respectively. 
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4.2  Liberia 
4.2.1  Summary Statistics 
Table 7 shows the distribution of farmers surveyed among the three districts in Liberia; 
Table 8 provides summary statistics for the variables examined in the empirical model, and 
Table 9 illustrates the incidence of adoption across districts and between the three technologies 
examined. For complete results at the regional and national level for Liberia, please refer to 
Table B in the Supplemental Files. 
Overall, the incidence of adoption is significantly lower in Liberia than in Ghana and 
Senegal. Approximately 12% of surveyed farmers were considered adopters by reporting the 
adoption of one or more of the three technologies. More than seven percent of farming 
households reported using chemical fertilizer, four percent reported the use of irrigation, and less 
than one percent reported the use of improved post-harvest storage methods.  These numbers 
may seem extremely low but recent studies have reported similar findings.  
 The average plot size reported was 3.51 hectares and approximately 12.5% of farmers 
reported that they held title to the land they were cultivating. The observed low tenure rate may 
be due in part to the civil conflict that destroyed the land rights system. The average age of 
interviewed farmers was 40.9 years and the average household size was 7. Over 57.4% of 
farmers reported having access to some kind of credit, although this was mostly informal such as 
through family or neighbors. Greater than 44% of farmers reported having access to agricultural 
information and the average number of years of education stated was 8.04 with over 75% of 
farmers reporting having some primary education. 
4.2.2  Probit Model Results 
Table 10 presents the estimated coefficient, t-stat and marginal effect of each of the 
explanatory variables included in the model used to analyze adoption in Liberia. Note that in the 
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table above the third region, Nimba, was omitted in order to compare the effects of each region 
on adoption. A probit model was used to estimate the model specified in equation 9. Table 6 
presents the results. Based on the results, one explanatory variable, education, was statistically 
significant at the 0.05 level or less. The McFadden pseudo-R2 measurement was 0.12, with a log 
likelihood function of -58.24. The Chi-squared value was 15.14 with 9 degrees of freedom, 
which suggests that the model is significant overall. Two of the seven parameters included in the 
adoption model were significant. These include plot size and education. The signs of the 
significant parameter estimates are consistent with a priori expectations. 
Plot or farm size coefficient was positive and significant. Polson and Spencer (1991) 
found farm size to positively affect adoption of improved cassava varieties in Nigeria. This 
follows the assumption that farmers with more land are more prepared to diversify risk among 
individual plots.  
 The education variable has a positive and significant effect on the probability of 
adoption the 0.05 level. The marginal change in the likelihood                                                                                                                                                                                                                                                                                                                                                  
of adoption was 10.1%. This suggests farmers with a formal education are more likely to adopt 
than those without. This finding is consistent with previous studies on the acceptance of 
information-intensive and management-intensive practices (Waller et al. 1998, Caswell et al. 
2001).  
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The results revealed that membership in a cooperative had a positive and significant 
effect on the likelihood of adoption. This speaks to the role of cooperative along the smallholder 
production supply chain. A membership led to an increase in the likelihood of adoption by 
14.5% among those farmers surveyed. This result is consistent with the finding of Adesine and 
Zinnah (1993) among mangrove rice farmers in Sierra Leone.  
4.2.3  Technology-Specific Marginal Effects 
Regarding the adoption of fertilizer, four factors were significantly influential. The 
effect of age was positive and significant at the 0.05 level. This implies that older farmers are 
more likely to adopt fertilizer. This result might suggest that farmers with more production 
experience may be more likely to adopt fertilizer. The effect of education was positive and 
significant at the 0.01 level. The marginal change in probability of the education coefficient of 
0.0578 indicates that a formal education significantly increases the probability of adoption. 
Membership in a cooperative increased the likelihood of fertilizer adoption by 5.81%. Finally, 
access to agricultural information was negative and significant at the 0.10 level. This strengthens 
the argument that innovative agricultural technologies must be complemented with instruction 
and information in order to promote adoption. 
In the analysis of factors affecting the adoption of irrigation, three factors were 
significant. Age had a significant and negative impact on the adoption of irrigation. This implies 
that younger farmers are more likely to adopt modern irrigation practices. This may be because, 
as previously discussed, it has been observed that younger farmers are more flexible and more 
willing to take on risk. This is is the opposite impact of age on fertilizer, which suggests that 
research and extension efforts for these technologies should be tailored specifically.  
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In addition, access to credit had a positive and significant effect on the adoption of 
irrigation, with a marginal change in probability of 0.0243. This result is consistent with 
Grazhdani’s (2013) study of resource conserving technologies in Albania. Cooperative 
membership was found to have a positive and significant effect on the adoption of irrigation at 
the 0.05 level. The marginal increase in probability for this variable was 11.89%. This results 
speaks to the important role that farmers groups, such as associations and cooperatives, can play 
in disseminating information regarding improved technologies and their benefits. 
Regarding the adoption of improved storage methods, education had a significant and 
positive impact. This variable had a marginal change in probability of 0.074, consistent with 
results found in Gerhart’s (1975) analysis of improved maize varieties in Kenya. This result may 
also relate to evidence in similar studies that wealth or farm assets play a significant role in the 
adoption of improved storage methods. 
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Table 7: Location of Households Surveyed in Liberia 
County Agro-Ecological Zone No. Surveys 
Grand Bassa Coastal Plains 102 
Lofa Northern Savannah  109 
Nimba Forest 114 
Total  326 
 
 
 
 
 
 
Table 8: Variables and Summary Statistics - Liberia 
Variable Mean Std. Dev. Minimum Maximum 
Plot Size 3.511 3.98 0.20 40.00 
Household Size 6.442 3.94 1.00 24.00 
Age 40.846 12.32 11.00 85.00 
Education 8.016 4.11 0.00 1.00 
Land Title 0.124 0.33 0.00 1.00 
Access to Credit 0.571 0.49 0.00 1.00 
Agricultural Info 0.443 0.48 0.00 1.00 
CoopMembership 0.089 0.29 0.00 1.00 
 
 
 
 
Table 9: Incidence of Technology Adoption in Liberia 
Technology Grand Bassa Lofa Nimba 
Fertilizer 9.81 6.58 8.02 
Irrigation 7.84 3.67 1.75 
Improved Storage 0 0.009 1.75 
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Table 10: Liberia Probit Model Results 
 
Estimated Coefficients Change in 
 
Parameters t-stat Probability 
GrandBassa 0.859 2.550 0.181 
Lofa 0.096 0.280 0.016 
PlotSize 0.036* 1.380 0.006 
HHSize 0.000 0.010 0.001 
Age 0.013 1.050 0.002 
Education 0.765* 2.210 0.101 
LandTitle 0.351 1.020 0.066 
Access Credit 0.118 0.430 0.019 
AgInfo -0.007 -0.020 0.001 
CoopMember 0.364* 1.40 0.145 
Constant -2.899 -3.730   
*,**,*** denotes P-value of ≤ 10% , P ≤ 5% , and P ≤ 1% respectively. 
 
 
 
 
 
Table 11: Liberia Technology Marginal Effects on Probability of Adoption 
Variable Fertilizer Irrigation Improved Storage 
PlotSize 0.00026 -0.00012 0.006 
HHTotal 0.00055 0.00013 0.0037 
Age 0.002* -0.0015 0.0006 
Education 0.0578*** 0.0225 0.074* 
LandTitle 0.0599 -0.0198 -0.0144 
AccessCredit -0.0284 0.0243 0.0031 
AgInfo -0.032 0.0252 0.005 
CoopMember 0.0581* 0.1189* 0.0005 
*,**,*** denotes P-value of ≤ 10% , P ≤ 5% , and P ≤ 1% respectively. 
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4.3  Senegal 
4.3.1  Summary Statistics 
Table 12 shows the geographical distribution of Senegalese farmers from five regions 
included in this dataset. A map of the ecological zones and locations of districts surveyed is 
included in the Appendices. Table 13 provides brief summary statistics for the variables 
examined in the empirical model. Table 14 illustrates the incidence of adoption across districts 
and between the three technologies examined. For complete results at the regional and national 
level for Senegal, please refer to Table C in the Supplemental Files. 
Of the 510 farmers surveyed in Senegal 51% reported having adopted one or more of the 
outlined agricultural technologies. Over 40% of farmers chose to adopt fertilizers while fiver 
percent and 18% chose to adopt irrigation and improved storage respectively. As shown in table 
14, the incidence of adoption of the various technologies differs greatly between regions. All 
values in table 14 are presented as percentages of the total number of farmers surveyed in that 
region. In four out of the five regions examined fertilizer was the most widely adopted 
technology among surveyed farmers. Matam had the lowest incidence of irrigation adoption, 
which may be partially explained by its close proximity to the Senegal River. In Matam, over 
one-third of farmers cited the adoption of improved storage methods.  
In summary, the average farm size reported was 4.01 hectares. The average age of 
interviewees in Senegal was 52.53 years. The youngest farmer interviewed was 19 while the 
oldest reported to be 98 years old. Only fourteen farmers of the 510 surveyed reported holding 
title to the land cultivated. Nearly 37% of farmers reported having access to credit whether 
through informal or formal means. The average household size reported was fifteen people. Over 
68% of surveyed farmers reported that their household had some source of reliable agricultural 
information.  
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4.3.2  Probit Model Results 
Table 15 presents the estimated coefficient, t-stat, and marginal effect of each of the 
explanatory variables included to model adoption in Senegal. The probit model correctly 
predicted 68.48% of the observations used. The McFadden pseudo-R2 measurement was 0.42, 
with a log likelihood function of -290.58. The Chi-squared value was 104.60 with 11 degrees of 
freedom, which suggests that the model is significant overall. Five of the seven parameters 
included in the adoption model were significant. These include plot size, household size, land 
tenure, access to credit, and access to agricultural information. The signs of the significant 
parameter estimates are consistent with a priori expectations. 
The plot size variable had a significant and positive effect on the probability of adoption 
at the 0.01 level. An one percent increase in plot size increases the probability of adoption by 
2.25%. This is significant increase could be explained partially by the small average plot size. 
Over half of the surveyed households cultivate less than two hectares. This is consistent with the 
argument that farmers with large plots can mitigate the risk of adopting a new technology by 
only devoting a portion of the their plot to the new production technique (Uaiene et al. 2009). 
Lin (1991) found that farm size was positively related to the speed of adoption of a hybrid rice 
variety in China.  
The household size coefficient was positive and significant at the 0.05 level. An increase 
in household size is met with an increased likelihood of adoption by 0.66%. This suggests that 
larger households have more opportunity for off-farm income through a higher number of 
working-age members. Increased off-farm income can mitigate some of the financial risk 
associated with adoption. The availability of labor is very important, as adoption of a new 
technology as well as the maintenance of a new production scheme can be labor- and cost-
intensive.  
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The age variable was not significant. The negative sign on the coefficient suggests that 
younger farmers may be more likely to adopt. Similar results have been seen in previous studies 
across development and agriculture. Age has been found to be negatively correlated with 
adoption or insignificant in studies of rice in Guinea (Adesina and Baidu-Forson 1995) and 
fertilizer in Malawi (Green and Ng'ong'ola 1993).  
The education variable was not significant. A number of previous studies have found 
education not to be significantly related to adoption such as Nyaupane and Gillespie’s analysis of 
best management practices for crawfish producers in Louisiana (2009).  
The land tenure coefficient is positive and significant at the 0.10 level. Farmers who 
reported holding title to the lands they cultivate had an increased probability of adoption of 
23.36%. This is consistent with the assumption that landowners are more involved with 
production decisions than tenant farmers.  
The access to credit variable had a positive and significant effect at the 0.01 level. This 
result suggests that finding ways to remove this constraint to farmers is a crucial way to improve 
adoption rates. Farmers who reported having access to credit had an increased probability of 
adoption of 18.35%. When examining the adoption of hybrid maize in Malawi, Simtowe and 
Zeller (2006) found similar results. The authors explained their findings that “access to credit 
promotes the adoption of risky technologies through the relaxation of liquidity constraint as well 
as through the boosting of the household’s risk-bearing ability” (2006).  
 Access to agricultural information had a significant and positive effect on the probability 
of adoption at the 0.10 level. In the model, access to information increased the likelihood of 
adoption by 8.43%. This result follows the assumption that access to information, such as 
through media or extension visits, facilitates adoption because it reduces some of the uncertainty 
about a technology’s performance.  
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 Membership in a farmers’ cooperative was positively and significantly related to 
household adoption. In the model of adoption in Senegal, membership increased the likelihood 
of adoption by 12.11%. This result reveals the important of farmers’ groups as a medium of 
sharing and receiving information on the potential benefits of modern technology between 
members. Following a study on coffee marketing and cooperatives in Costa Rica, Wollini and 
Zeller (2007) concluded that participation in cooperatives served as a means of increasing the 
market prices received by the farmers as well as a way to receive reliable market information. 
4.3.3  Technology- Specific Marginal Effects 
In modeling the adoption of fertilizer, plot size, household size, and cooperative 
membership were found to have positive significant effects. A one% increase in farm size yields 
an 18.93% increase in the likelihood of adoption of fertilizer. This result suggests that larger 
farms are able to mitigate some of the production risk as well as the financial undertaking of 
fertilizer application and its complementary inputs. Also, as household size increases the 
likelihood of adopting fertilizer increases.  One possible explanation for this result could be that 
larger households have a larger labor source. Membership in a cooperative increased the 
likelihood of fertilizer adoption by 16.73% and was significant at the ten% level. This supports 
the results of other studies that have cited the importance of cooperatives as a means of 
increasing famer awareness of modern production technologies. 
 Regarding the adoption of advanced irrigation practices, farm size and household size 
both have positive significant effects at the one% level. Implications from these results can be 
the same as those drawn above concerning the adoption of fertilizer. Age, access to credit, and 
cooperative membership also had significant positive effects on adoption. The positive effect on 
age suggests that as farmers gain more experience they are more likely to adopt irrigation. An 
explanation for this is that farmers with more experience are more likely to understand the yield 
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benefits associated with proper irrigation. Access to credit has a positive significant effect on the 
probability of the adoption of irrigation. This suggests that access to credit is necessary for 
farmers to be able to cover the financial outlays associated with irrigation systems. Membership 
in a cooperative increased the likelihood of irrigation adoption by 5.77% among surveyed 
farmers. This suggests that in Senegal cooperatives are a major channel where farmers can 
access key inputs and information to improve production practices (Abebaw and Haile 2013). 
 The adoption of improved storage methods in Senegal was positively and significantly 
impacted by land title, access to credit, access to agricultural information, and cooperative 
membership. The probability of adoption of improved storage increased by 27.5% for farmers 
holding title to the land they cultivate. This is consistent with findings from Feder and Umail 
(1993).  The probability of adoption increased by 7.3% if farmers reported having access to 
credit and by 6.3% if farmers had access to information. Membership in a cooperative increased 
the probability of improved storage adoption by 4.62%. All these results suggest the importance 
of access to these resources for adoption to be successful, especially when trying to reduce post-
harvest losses. 
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Table 12: Location of Households Surveyed in Senegal 
Region Agro-Ecological Zone No. Surveys 
Fatick Groundnut Basin 99 
Kaffrine Groundnut Basin 101 
Kolda Upper Casamance 105 
Matam Senegal River Valley (Fleuve) 102 
Tambacounda Upper Casamance 103 
Total  510 
 
 
 
 
Table 13: Variables and Summary Statistics for Equation 11 - Senegal 
Variable Mean Std. Dev. Minimum Maximum 
Plot Size 4.01 4.25 0.10 30.00 
Household Size 14.90 9.67 1.00 83.00 
Age 52.53 15.39 19.00 98.00 
Education 0.19 0.39 0.00 1.00 
Land Title 0.03 0.17 0.00 1.00 
Access to Credit 0.37 0.48 0.00 1.00 
Agricultural Info 0.68 0.47 0.00 1.00 
Coop 
Membership 
0.1294 0.34 0.00 1.00 
 
 
 
Table 14: Incidence of Technology Adoption in Senegal (% of Households) 
Technology Fatick Kaffrine Kolda Matam Tabamcounda 
Fertilizer 75.76 49.5 33.33 29.42 17.47 
Irrigation 3.03 11.88 8.57 3.92 3.88 
Improved Storage 12.12 15.84 13.33 36.27 12.62 
Note: All values above shown in percentages.  
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Table 15: Senegal Probit Model Reults 
	  
Estimated Coefficients Change in 
	  
Parameters t-stat Probability 
Fatick 1.523*** 7.21 0.4979 
Kaffrine 0.419** 1.88 0.1638 
Kolda 0.394** 2.01 0.1541 
Matam 0.997*** 4.91 0.3601 
PlotSize 0.057*** 2.68 0.0229 
HHSize 0.017** 2.16 0.0066 
Age -0.003 -0.72 -0.0013 
Education -0.111 -0.66 -0.0442 
LandTitle 0.631* 1.63 0.2336 
AccessCredit 0.467*** 3.39 0.1835 
AgInfo 0.212* 1.60 0.0843 
CoopMember 0.309* 1.64 0.1211 
Constant -1.236*** -4.38   
*,**,*** denotes P-value of ≤ 10% , P ≤ 5% , and P ≤ 1% respectively. 
 
 
 
Table 16: Senegal Technology Marginal Effects on Probability of Adoption 
Variable Fertilizer Irrigation Improved Storage 
PlotSize 0.1893*** 0.0267** 0.00607 
HHTotal 0.0267* 0.005** 0.00115 
Age 0.005 -0.0007* 0.00053 
Education -0.0007 0.0109 -0.01586 
LandTitle 0.0109 -0.0446 0.2748** 
AccessCredit -0.0446 0.1556*** 0.0731** 
AgInfo 0.1556* 0.0551 0.0633** 
CoopMember 0.1673** 0.0577** 0.0462* 
*,**,*** denotes a value of P  ≤ 10% , P ≤ 5% , and P ≤ 1% respectively. 
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CONCLUSIONS AND POLICY IMPLICATIONS 
5.1  Overall Country Conclusions 
This thesis has provided insight about the underlying socioeconomic factors influencing 
the decision to adopt agricultural technology in three countries in West Africa – Ghana, Liberia 
and Senegal. For all three countries, the results show that access to credit, access to agricultural 
information, membership in a farmer’s cooperative, and land tenure have positive effects on the 
probability of adoption. 
The finding with respect to access to credit are particularly strong and are positive across 
all technologies in all three countries studied. Trouble accessing credit appears to be a major 
limitation to technology adoption. This is especially true for technologies that require significant 
financial outlays, such as fertilizer, which smallholders or subsistence farmers are unlikely to 
afford. Policies are needed to strengthen credit markets in all countries. A recent analysis of the 
rural credit market in Ghana stated “lack of credit has been identified as one of the major 
constraints limiting agricultural growth… especially for small farmers, whose contribution to 
agriculture production is crucial” (Owusu-Antwi and Antwi 2010). This problem can be applied 
to the current credit market situations in all three countries. Access to microfinance and 
agricultural credit would be especially helpful to overcome the fluctuations in production costs 
especially around planting. As many large microfinance groups are less likely to lend to farmers 
due to risk aversion, farmers cooperatives and groups could use means such as village or small 
group banking to obtain credit. The structure of group lending could also see lower interest rates 
compared to moneylenders, such as Ghanaian susu collectors, the main source of informal credit. 
Using this mechanism, members of the group are help accountable by their peers and can receive 
cash as quickly as possible so that they can purchase necessary inputs.  It is expected that 
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increased access to financial services can help improve household access sufficient capital to 
purchase agricultural inputs, increasing agricultural productivity and household income. 
Access to agricultural information, including extension contact, was found to positively 
influence to adoption of technology. Appropriate information is needed both in the adoption 
decision and also in the management of the adopted technology to impact production levels. 
Information from extension, farmers groups, or media reduces the marginal cost of production 
and contributes to increasing farmers’ profits. The results suggest that education and training of 
farmers should be made a priority when planning schemes to increase agricultural production in 
an effort to reduce poverty. Complementary government investments in training and education 
program, as well as funding to extension agencies to improve quality of services, are important 
in ensuring efficient and timely distribution of information to farmers. 
Membership in a farmers’ cooperative was found to be strongly associated with adoption 
across all countries. These cooperatives are an important tool to overcome many small farm 
inefficiencies in an effort to reduce rural poverty and increase food security. Members of these 
cooperatives have many benefits including lower transaction costs on loans, lower costs to 
inputs, and better market and technology information.  This strengthens the argument that West 
African governments should increase investments that directly benefit agricultural groups and 
associations. Policies that can benefit cooperatives and their members directly include those that 
financially support cooperatives.  Policies that can benefit cooperatives indirectly are those, 
which improve the environment of cooperatives and promote equality of access among 
members. Access to rural credit and small loans are essential to a successful cooperative, 
therefore policies that stabilize rural credit markets benefit members as well as the organization 
as a whole.  
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The results also point to a positive impact of land tenure on the adoption of various 
technologies. This reinforces the strong association between land ownership and influence in 
decision-making, as landowners are more involved with long-term production decisions than 
those without rights to the land. This suggests that policies to improve land tenure are important 
in promoting agricultural technology adoption. 
These results should be taken cautiously, as technology adoption is not automatic. 
Further research is needed to understand the nuances of technology adoption in different regions, 
so one-size-fits-all efforts are not appropriate. To increase the likelihood of the adoption of 
modern technologies in the three countries, policy makers should put emphasis on improving the 
quality and funding for programs influenced by the factors found to be important in explaining 
the technology adoption in the three countries studied. 
5.2  Technology-Specific Policy Recommendations 
There were some significant differences in the results for the technology adoption 
estimates for the various countries.  These differences in the results point to unique policy 
recommendations for the various technologies in each country.   
5.2.1  Fertilizer 
 The third pillar of the Comprehensive African Agriculture Development Programme 
(CAADP) is centered on improving food security through the modernization of agriculture. 
Included is the Abuja Declaration on Fertilizers for an African Green Revolution, which resolves 
to increase average fertilizer use from 8 kilograms per hectare to 50 kilograms per hectare by 
2015. Specifically, the declaration requires that member states “take appropriate measures to 
reduce the cost of fertilizer procurement” (African Union 2006). In addition, states are required 
to “take concrete measures to improve farmers’ access to fertilizer by developing and scaling up 
input dealers and community-based networks across regional areas” (African Union 2006).  
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Several studies have evaluated fertilizer policies and use in various Sub Saharan African 
countries. These studies have found significant inefficiencies in policy implementation, such as 
the program in Ghana.  
One specific policy recommendation to improve fertilizer use in Ghana would be to 
minimize government intervention and allow the market to work. This follows the Fertilizer 
Market Development Program model, such as the one implemented in Kenya. This system is not 
as focused on the actual cost of fertilizer itself, but rather involves “improving the policy 
environment, strengthening and expanding the network of private agro-input dealers with 
training and credit” and increasing farmers’ knowledge base through innovative tools such as 
demonstration plots (Minot 2009). These programs are multi-dimensional and are matched with 
increased public and private investments in agricultural education and extension. Improving 
market conditions and linkages improves access to fertilizer for all farmers, increases 
competition in the fertilizer market, which should lower prices felt by farmers. Rather than 
giving money directly to the farmers, these investments improve access to fertilizer through 
better information and a stronger supply chain. With the government money not put towards 
direct fertilizer price subsidies, I would recommend complementary investments in rural 
infrastructure to lower transportation costs and increase smallholder market access.  
The government of Liberia does not currently have specific fertilizer policies. In Liberia, 
the adoption of fertilizer was significantly influenced by farmer age, education, and access to 
agricultural information. Given that these are similar to the factors found to be significant to the 
adoption decision in Ghana, it is recommended that Liberia also implement a Fertilizer Market 
Development scheme similar to the one explained above.  
In Senegal, the adoption of fertilizer was significantly influenced by farm size, 
indicating that larger farmer were more likely to adopt. This emphasizes the need for policies 
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that support affordability and access to fertilizer for smallholders. In order to reach these targets, 
a Fertilizer Market Development scheme is recommended. This could be coupled with the smart 
subsidies that have already shown some success application rates and domestic staple production 
in Senegal.  
5.2.2  Irrigation  
The first pillar of the CAADP promotes effective and sustainable land and water 
management practices. The framework of this pillar requires investment in small- and medium-
scale irrigation schemes to increase access for smallholders. The adoption of irrigation in these 
countries was significantly impacted by plot size, access to credit, and access to agricultural 
information. In order to promote the adoption of modern irrigation systems, I would recommend 
that the government increase investments for small-scale irrigation system for remote 
communities. This overcomes the largest constraint to irrigation use, which is proximity to a 
reliable water source. In areas near a river or lake, such as the Volta region in Ghana or Senegal 
River Valley, the government should invest in small-scale irrigation and drainage systems, such 
as treadle pumps, which have been installed in some areas of the country already. These pumps 
come in two types, suction and pressure pumps. These are much less expensive than motorized 
pumps, allowing investments to be spread across a greater number of pumps (which serves a 
greater number of smallholders). To complement government investments in treadle pumps, 
investments should be made to incorporate training of proper use and maintenance of pumps into 
fertilizer trainings and farmer groups.  
5.2.3  Improved Storage  
None of the three countries included in this study have explicit policies in place to 
increase the use of improved post-harvest storage methods. However, specific policies to support 
access to improved storage should be promoted to reduce post-harvest losses to smallholders. To 
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increase the adoption of improved storage methods, the most effective government action would 
be to invest in trainings for farmers in proper post-harvest storage and handling. This is 
supported by the results in Liberia that revealed that education is a significant factor in the 
decision to adopt improved storage methods.  This investment could be used to support training 
to farmers groups who have historically been an efficient way to spread information. Investment 
to support farmers’ groups could also allow the group to invest in a single storage unit to offset 
costs to the individual small farmer. In addition, encouraging private investment to support these 
activities, such as current efforts by the World Food Program’s Purchase for Progress initiative, 
could help to offset direct costs to the government. 
 In Senegal, the adoption of improved storage was significantly influenced by land title, 
access to credit, and access to agricultural information. In addition to policies that invest in 
quality farmer training about storage, these results suggest that more effective and transparent 
land rights are an important part of increasing modern storage adoption. Despite government 
efforts to regulate land rights through formal law, customary law in Senegal continues to govern 
land rights and transfer between individuals. The Land Tenure Security Activity, run by the 
Millennium Challenge Corporation (MCC) in Senegal, is working to formalize the tenure 
process to ensure that land rights are documented for farmers. It is recommended that the 
government of Senegal support these activities by investing in the infrastructure needed to 
register smallholders such as the human capital to implement the reform, such as staff for local 
governments, as well as modern technology to register land effectively. 
5.3  Limitations of Study and Recommendations for Future Research 
5.3.1  Limitations of this Study 
 The main objective of this thesis was to identify factors that are associated with 
households’ adoption of improved agricultural technology and the variations between countries. 
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The study faces the following limitations: 
1) The survey collected data at the household level, and therefore was unable to capture 
community variables that are also important to consider when modeling adoption. 
For example, community or village information such as access to electricity, road 
conditions, and proximity to market were not collected. 
2) The probit model used to model adoption only included several explanatory 
variables out of the many to be considered. For example, other crucial variables such 
as access to market and membership in a farmers group were not included due to 
large missing values in the dataset. 
3) Endogeneity problems could affect the estimation of some of the explanatory 
variables due to selection bias when the primary household data was collected. For 
example, households choose whether or not to receive financial or extension 
services. Households who derive significant benefits from these services are more 
likely to take part in these activities. 
5.3.2 Recommendations for Future Research 
 Generally, further research is needed to collect more complete household-level data from 
farming households in these areas. This could include additional details on socio-demographic 
information as well as village or community data to be incorporated into future models.  
Evidence from this thesis suggests significant regional and technological differences in the 
adoption of studied technologies. Therefore, continued research is an important way to better 
understand the nuances of technology adoption for a specific region and/or technology. One 
suggestions is that in order to get qualitative data on what drives a farmer to adopt or not adopt 
studies should include trips to local farmer groups, cooperatives, and extension agencies.  
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